Dunalianosides A-I (1-9), esters of arbutin and related phenolic glucosides, were isolated from the buds of Vaccinium dunalianum Wight (Ericaceae) together with 20 known compounds, and their structures were established on the basis of 1-and 2D NMR spectroscopic evidence. Dunalianosides F-H were dimers of p-hydroxyphenyl 6-O-trans-caffeoyl-β-D-glucopyranoside (10), which was obtained in extraordinary high yield (22% of the dry weight), and dunalianoside I (9) was found to be a conjugate of arbutin with an iridoid glucoside.
Introduction
Vaccinium dunalianum Wight (Ericaceae) is an evergreen perennial shrub distributed in the Southwest of China, Myanmar and Vietnam. The local people of its growing area in China use the leaf of this plant as a folk medicine for the treatment of articular rheumatism, and also substitute its dried buds for tea to prepare a traditional folk beverage. It is well known that the Vaccinium species are rich sources of naturally occurring dietary phenolics, such as flavonoids, anthocyanins, proanthocyanidins and other phenolic compounds (Prior et al., 1998; Moyer, et al., 2002; Taruscio et al., 2004) , which have been identified as antioxidants, with the potential to prevent oxidative damage caused by reactive oxygen species. However, no chemical investigation has been reported on the title plant. In continuing studies on phenolic constituents from medicinal plants, the occurrence of significant amounts of phenolics in the buds of this plant has been suggested by TLC analysis in our preliminary analysis. Further study of phenolics in the buds of this plant has led to the isolation of eight novel caffeoyl derivatives of arbutin, namely dunalianosides A-H (1) (2) (3) (4) (5) (6) (7) (8) , and a new conjugate of arbutin with an iridoidal glycoside, dunalianoside I (9), together with 20 known compounds (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) . Of these, p-hydroxyphenyl 6-O-trans-caffeoyl-β-D-glucopyranoside (10) was isolated in 22% yield from the dried buds. This study investigated the isolation and structural elucidation of these compounds.
(robustaside C, 13) (Ahmed et al., 2000) , p-hydroxyphenyl 6-O-trans-coumaroyl-β-D-glucopyranoside (robustaside A, 14) (Machida and Kikuchi, 1993) , monotropein (15) (Jensen et al., 2002) and scandoside (16) (Bailleul et al., 1977) , benzyl alcohol β-D-glucopyranoside (17) (Kitajima et al., 1998) , icariside F 2 (18) (Ono et al., 1996) , parasorboside (19), methyl (3S, 5S)-5-hydroxy-3-(β-D-glucopyranosyl)-hexanoate (20) (Numata et al., 1990) , 6-O-trans-caffeoyl-D-glucopyranose (21) (Shimomura et al., 1987) , ferulic acid 4-O-β-D-glucoside (22) (Shoyama et al., 1987) , kaempferol 3-O-β-D-glucopyranoside (23) (Vvedenskaya et al., 2004) , caffeic acid (24), chlorogenic acid (25), 3-O-feruloylquinic acid (26) (Morishita et al., 1984) , 3-O-p-coumarylquinic acid (27), (-)-shikimic acid (28) (Wada et al., 1992) , and tryptophan (29).
Compound 1 was obtained as an off-white amorphous powder, and its molecular formula The olefin proton signals of 1 were observed at δ 5.77 and 6.82 (each d, J = 12.9 Hz) ( Table   1 ), which were resonated at the upper field compared to those of 10 (Δδ 0.51, 0.7, respectively), and the coupling constant was smaller (10: J = 15.6Hz). This observation indicated that the geometry of the double bond in the caffeoyl moiety of 1 was the cis form. J = 11.7, 1.8 Hz) and 4.30 (dd, J = 11.7, 6.6 Hz)], and C-6' (δ 64.3) confirmed the location of the cis-caffeoyl moiety at this position. On the basis of these spectral data, compound 1 was determined to be p-hydroxyphenyl 6'-O-cis-caffeoyl-β-D-glucopyranoside, and named dunalianoside A. C NMR spectrum of 2 (Table 1) showed signals arising from a 1, 2, 4-trisubstituted benzene ring (C-1-C-6). These findings indicated that 2 had an additional hydroxyl group in the phenyl moiety. The location of the glucose moiety and two hydroxyl groups in the aglycone moiety was confirmed by the NOESY experiment, which showed correlations between the glucose anomeric proton [δ 4.54 (1H, d, J = 7.8 Hz, H-1')]
The chemical shifts of glucose H
and aglycone H-6 (δ 6.93), and between H-5 (δ 6.09) and H-6 (Fig. 1) . Therefore, compound 2 was characterized as 2,4-dihydroxyphenyl 1-O-(6'-O-trans-caffeoyl)-β-D-glucopyranoside, and named dunalianoside B. (Table 1) was also related to that of 2 and showed signals due to two sets of ABX-aromatic, trans-olefinic, and sugar proton signals. A difference in the chemical shifts was observed in one of the ABX-spin systems due to presence of a trisubstituted benzene moiety. The substitution on the benzene ring was determined by the NOESY experiment, which showed correlations between the anomeric proton at δ 4.73 and both H-2 (δ 6.64) and H-6 (δ 6.46), and between H-6 and H-5 (δ 6.63) (Fig. 1) . Therefore, compound 3 was established as 3,4-dihydroxyphenyl 1-O-(6'-O-trans-caffeoyl)-β-D-glucopyranoside, and named dunalianoside C.
Compound 4 was obtained as an off-white amorphous powder, and had a molecular The NOESY spectrum revealed the location of glucose at C-1 and the methoxy group at C-3, which showed correlations between the anomeric proton at (Table 2) showed two sets of AA'BB'-aromatic doublets (H-2'', 6'', H-3'', 5'' and H-2'''', 6'''', H-3'''', H-5'''')] and two anomeric doublets (H-1''') and H-1'''''). These signals were attributable to two arbutin moieties. In addition, a set of ABX-signal (H-2, H-5 and H-6)] and a pair of meta-coupled signals (H-2' and H-6') were observed in the aromatic region, which were assignable to the discrete sets of protons of the 1,3,4-and 1,3,4,5-substituted phenyl units, respectively. Also observed were two doublets (J = 16.0 Hz) that arose from a pair of trans-olefinic protons, and two vicinally located methine protons (d each, J = 8.0 Hz) that were assigned to the protons of the dihydrobenzofuran skeleton in 6. The dihydrobenzofuran skeleton was further confirmed by the HMBC experiment, which showed correlations of H-7 with C-1, C-2, C-6, C-9, C-4' and C-5', and correlations of H-8 with C-1, C-9, C-4', C-5' and C-6' ( Fig. 1 ). In the NOESY spectrum, the H-8 exhibited cross peaks with H-2 and H-6, which indicated that the dihydrobenzofuran ring in 6 possessed a trans configuration. These spectral characteristics were also observed in the 1 H, 13 C and 2D-NMR spectra of compound 7 ( Fig. 1) , which indicated that 6 and 7 possessed the same planar structures. The full assignment of 1 H and 13 C NMR chemical shifts of 6 and 7 are shown in Table 2 .
The absolute configuration in 6 was assigned by circular dichroism (CD) spectroscopy. The CD spectrum of 6 showed a negative Cotton effect at 254 nm and a positive one at 236 nm.
Based on comparison of the spectrum with those of the known dihydrobenzofuran-type compounds (Lemiere et al., 1995; Matsuda et al., 1996) , the absolute stereochemistry at C-7 and C-8 was assigned to be 7S and 8S configurations. In contrast, compound 7 exhibited a positive Cotton effect at 256 nm and a negative one at 224 nm, and the configuration was assigned to be 7R, 8R. Therefore, the structures of 6 and 7 were established as shown in Chart The plane structure was established by the following 2D-NMR analysis. The COSY spectrum showed the connection between C-7-C-8, C-8-C-8', C-8'-C-7' and C-7'-C-7 ( Fig. 2), which confirmed the presence of a cyclobutane ring in 8. From the HMQC spectrum, the signals at δ 46.0 (C-7), 45.9 (C-7'), 45.3 (C-8) and 44.7 (C-8') were assigned to the cyclobutane methine carbons. In the HMBC spectrum, the former two methine carbons correlated with the catechol ring protons, and conversely, the H-7 and H-7' were correlated with the catechol ring carbons. The remaining two cyclobutane protons H-8 and H-8' were coupled with carboxyl carbons (C-9 and C-9'). The HMBC spectrum also showed correlations of the carboxyl carbons with the glucose C-6 methylene protons. These results further confirmed that 8 was a dimer of 1 or 10 formed by cyclobutane formation between two caffeoyl groups. Concerning the dimerization reaction, there are two possible arrangements of the two caffeoyl arbutin moieties, that is, head-to-head (truxinic type) or head-to-tail (truxillic type) (Hartley et al., 1990) . This was determined by the appearance of the HMBC correlations of H-7 with C-1 and C-1'; H-7' with C-1' and C-1; and H-8 and H-8' with carboxyl carbons C-9 and C-9', which showed that compound 8 was a truxinic-type dimer (Fig. 2) .
The relative configuration of the cyclobutane ring was established by the NOESY experiment. The NOESY spectrum not only showed clear NOE correlations between H-7(H-7') and H-2',6'(H-2,6), but also between H-7(H-7') and H-8(H-8') ( Fig. 2) , which are only possible for a trans configuration between H-7 and H-7', and cis configurations between H-7 and H-8 and between H-7' and H-8', which implied that the cyclobutane ring was in a μ-truxinate arrangement. Furthermore, the 1 H-1 H coupling of cyclobutane protons (10.0 and 6.0 Hz) was in agreement with that of a μ-truxinate-type-related compounds (Lu and Foo, 1999; Kamara et al., 2005) . Therefore, compound 8 was deduced to be a μ-truxinic-type dimer of 1, and its structure was established as shown in Chart 1. C NMR spectral data (see section 3.9). The 1 H and 13 C NMR spectral data of 9 were very similar to those of compounds 11 and 15, which suggested that compound 9 was a conjugate of arbutin with monotropein. The downfield shifts of the glucose C-6 (δ 64.6) and H 2 -6 [δ 4.56 (dd, J = 12.0, 1.8 Hz) and 4.15
(dd, J = 12.0, 6.8 Hz)] signals of the arbutin moiety in 9 compared to those of 11 (δ C 62.5, δ H 3.87 and 3.68), and the upfield shift of the carboxyl carbon at δ 168.5 in 9 compared to δ 170.5 of 15, indicated acylation at the glucose C-6 of the arbutin moiety by C-11 of the monotropein moiety. Therefore, the structure of 9 was established as shown in Chart 1.
Compounds 6-8 described here are the first examples of the caffeoyl arbutin dimers, and the arbutin-iridoid conjugate 9 was also first isolated from a natural source. It is apparent that the compounds 6 and 7 with a dihydrobenzofuran skeleton are generated by oxidative dimerization of compound 10. Many arylcoumaran neolignans formed by similar 8-5' linkage have also been found in various plants (Whiting, 1985) . On the other hand, compound 8 is presumed to be formed by a photochemical [2+2] cyclo-addition of 1 (D'Auria and Vantaggi, 1992) . Similar phenylpropanoid dimers with a cyclobutane ring are also known in higher plants (Hartley et al., 1990; Magiatis et al., 2002; Wang et al., 2003; Katerere et al., 2004) .
Dimers with the μ-truxinate structures related to 8 have been isolated from Stachys aegyptiaca (El-Ansari et al., 1995) , Salvia officinalis (Lu and Foo, 1999) , and Monochaetum multiflorum (Isaza et al., 2001 ).
Concluding remarks
To the best of our knowledge, the present study is the first chemical investigation of V.
dunalianum, which led to the isolation of nine new compounds, together with 20 known ones.
The most important feature of this Chinese local herbal tea is an abundance of caffeoyl esters of arbutin and related compounds; in particular, compound 10 was isolated at a 22% yield from the dried buds. So far, compound 10 has been isolated from the leaves of Hakea saligna (Proteaceae) (Manju et al., 1977) , Viburnum sp. (Caprifoliaceae) (Iwagawa et al., 1988; Machida et al., 1991 and 1993) , Grevillea robusta (Proteaceae) (Ahmed et al., 2000) , Bacopa procumbens (Scrophulariaceae) (Pathak et al., 2005) and Veronica turrilliana (Plantaginaceae) (Kostadinova et al., 2007) . However, the concentration in the buds of V. dunalianum seems to be highest, and the unusual accumulation of 10 was suggestive of its physiological role in this plant tissue.
In addition, it is well known that arbutin has been used as a diuretic and urinary anti-infective agent for centuries, either as a plant extract or in purified form (Robertson and Howard, 1987) . The leaves of Arctostaphylos uva-ursi (Ericaceae) are used medicinally, as well as for preparing tea (Weiss and Fintelmann, 1997). Furthermore, arbutin is known to be an inhibitor of melanin biosynthesis (Akiu et al., 1988) and is used as a skin-whitening agent in cosmetics. Compound 10 and its analogues isolated in this study should be expected to possess similar properties, and detailed study of their bioactivities is now in progress. and by spraying with 2% ethanolic FeCl 3 and 10% sulfuric acid reagent, followed by heating.
Experimental

General experimental procedures
Plant material
The air-dried buds of V. 
Extraction and isolation
The air-dried buds (1.77 kg) of V. dunalianum were extracted with 60% aqueous acetone at room temperature by maceration. After filtration, the extract was concentrated under reduced pressure at 40ºC until acetone was removed, and then the aqueous solution was defatted by partition with ether. The aqueous layer was further concentrated to remove residual organic solvent and left to stand at room temperature overnight to yield large amounts of off-white crystalline powder of compound 10 (316 g). TLC analysis showed that the crystalline powder was an almost pure compound. The filtrate remaining after the first crop of 10 was further concentrated to give another crop of 10 (155 g). The crystalline powder was combined and recrystallized from water to yield compound 10 as colorless needles (390 g).
The filtrate was concentrated, and the residue (472 g) was separated to three fractions (Frs. 
Dunalianoside A (1)
An off-white amorphous powder, [α] D 26 = -64.6 (c 0.1, MeOH); IR ν max cm -1 : 3357, 1686, 1607, 1509, 1444, 1357, 1271, 1202, 1070, 827, 776 ; UV λ max (MeOH) nm (log ε): 327 (4.14), C NMR spectral data, see Table 1 .
Dunalianoside B (2)
An off-white amorphous powder, [α] D 26 = -67.0 (c 0.1, MeOH); IR ν max cm -1 : 3372, 1686, 1607, 1510, 1446, 1367, 1284, 1200, 1075, 1034, 850, 805 
Dunalianoside D (4)
An For 1 H and 13 C NMR spectral data, see Table 2 .
Dunalianoside G (7)
An off-white amorphous powder Table 2 .
Dunalianoside I (9)
An off-white amorphous powder, [α] D 26 = -117.0 (c 0.1, MeOH); IR ν max cm -1 : 3427, 1695, 1639, 1511, 1454, 1373, 1288, 1216, 1107, 948, 924, 874, 777 ; UV λ max (MeOH) nm (log ε): (C-2'), 71.4 (C-4'), 64.6 (C-6'); monotropein moiety, δ 168.5 (C-11''), 152.9 (C-3''), 137.9 (C-6''), 133.9 (C-7''), 110.9 (C-4''), 100.1 (C-1'''), 95.4 (C-1''), 86.1 (C-8''), 78.3 (C-5'''), 77.9 (C-3'''), 74.7 (C-2'''), 71.9 (C-4'''), 68.4 (C-10''), 62.6 (C-6'''), 45.7 (C-9''), 39.1 (C-5''). 
